One downside effect of rapid economic growth in China has been the ever rising interregional inequality. Foreign direct investment (FDI) has been blamed for driving the Chinese regions apart. It is difficult to reconcile the positive effect of FDI on economic growth with its potential 'negative' effect on regional inequality. Using the largest panel dataset for the Chinese regions over 1979-2003 and employing an augmented Cobb-Douglas production function, this paper proves that FDI has been an important factor of economic growth in China. It also suggests that it is the uneven distribution of FDI instead of FDI itself that has caused regional growth differences.
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Non-Technical Summary
Rapid economic growth in China over the last three decades has been accompanied with an ever rising inter-regional inequality. The Gini Coefficient measuring China's household income inequality increased from 0.300 in 1984 to 0.45 in 2000 and continued to rise into the 21 century. About one-third of China's otal inequality has been attributed to inter-regional inequality. st t High economic growth and rising disparity in China's regions have attracted serious attention in the literature, but relatively few studies have provided a detailed assessment on FDI and regional inequality. Most of these studies claim that FDI leads to more poverty, isolation, a neglect of local capabilities and arger inequality. l However, if FDI were really responsible for rising regional inequality, then the logical implication would be that China has to reduce the inflows of foreign capital in order to contain such an inequality. This would raise a highly controversial and provocative policy issue because it would be difficult to reconcile the positive effect of FDI on economic growth and its potential 'negative' effect on equality. As a result, the linkage between FDI and regional inequality requires further research. Many recent studies have provided clear evidence that FDI has contributed not only to economic growth but also to technological progress in China due to the spill over effects of advanced foreign technologies and international competition. The empirical data also show two clear trends in the Chinese regional economies: a rising disparity of regional per capita incomes and a skew distribution of FDI towards to the eastern coastal rovinces. p
If China is divided into three large geo-economic regions, East, Central and West, the East has been growing faster than the rest of the country by about 1.5-2 percentage points per year over the last 15 years although its initial income was substantially higher than its inland counterparts. In terms of FDI distribution, the picture is far more in favour of the East, which has accounted for about 86% of the country's total inflows of foreign capital over the last three decades, and the other two regions, specially the West, have taken a tiny share. e
Using the most comprehensive and up to day data covering all the Chinese regions over 1979-2003, this paper conducts both the σ-and β-convergence analyses. The results show that there is no evidence of absolute β-convergence although there is some weak evidence of σ-convergence in the last few years of the data period. This implies that regional inequality in China has not been reduced. Instead, it has increased over time. Regional growth differences have been caused by investments, opulation growth, human capital, exports, transportation and most importantly, FDI. p FDI is found to have a positive and significant effect on economic growth at both the national and regional levels. This means that FDI can promote economic growth even in the inland provinces although its effect in the West is weak, possibly due to the very low level of FDI. Based on the empirical results, it is concluded that FDI should not be blamed for rising regional inequality. It is the uneven distribution of FDI instead of FDI itself that has been responsible for China's regional growth differences. Such a conclusion has a totally different policy implication as to whether China should encourage or discourage FDI to promote economic growth and contain regional inequality. Following
Introduction
Since economic reform and the open-door policy in the late 1970s, China has achieved impressive economic growth at an annual rate of 9.6% during 1978 -2006 . By 2005 became the fourth biggest economy in the world measured in nominal dollars and the second largest measured in PPP dollars. However, China's economic integration with the world has been accompanied by growing regional inequality. Different regions have not enjoyed equally the fruits of economic reform. Statistics show that the Gini Coefficient measuring China's household income inequality increased from 0.300 in 1984 to 0.45 in 2000 and continued to rise into the 21 century. China has stepped into the stage of "absolute disparity" (Chang, 2002) .
st High economic growth and rising disparity in China's regions attract serious attention.
Researchers debate on whether regional inequality has intensified and on what has
contributed to the inequality in post-reform China. Many studies suggest that government policies favoring the coastal region have worsened regional income inequality, arguing for more resources to be allocated to the disadvantaged areas (Lakshmanan and Hua, 1987; Kueh, 1989; Cannon, 1990; Yang, 1990 and Kato, 1992; Chai, 1996; Yao, 1999; Yao and Zhang, 2001a and 2001b; Fu, 2004; Chen and Wu, 2005 ).
However, not all studies agree with the view that regional inequality has widened in the post-reform period. They argue instead that regional inequality has actually declined since the adoption of economic reforms, mainly as a result of diffusion, convergence, interregional resource transfer and rural industrialization. Hsueh (1994) argues that national economic policies tended to redistribute capital from rich to poor regions in the 1980s, thereby generating a process of convergence. Gundlach (1997) found absolute convergence in regional output per worker across Chinese regions in 1978-89. Raiser (1998) also found similar evidence of absolute convergence using regional data in 1978-92. Huo (1994) and Chen and Fleisher (1996) saw similar results.
Some other studies show two opposite trends of regional inequality in China at different periods. For example, Lyons (1991) and Tsui (1991) show a slight decline in inequality during 1978-87 and an increase in inequality by comparing the early 1980s with the 1950s. Sachs and Warner (1996) income gap between coastal and non-coastal regions. Furthermore, they found that intraregional disparities declined during the reform period but inter-region inequality experienced little improvement. Jian et al. (1996) argue that real income convergence of
Chinese provinces was a relatively recent phenomenon, emerging strongly only since the reform period began in 1978. After 1990, however, regional incomes diverged again. Tsui (1996) shows that inequality across different provinces in China declined in the first half of the 1980s, but deteriorated again from the second half of the 1980s.
The controversial arguments above may be due to the different approaches and data periods.
Compared to other empirical studies of FDI issues in China, relatively few studies have provided a detailed assessment on FDI and regional economic inequality. However, there are some scholars who have attempted to do so. Most of the arguments in earlier studies claim that FDI leads to more poverty, isolation, a neglect of local capabilities and larger inequality (Mazur, 2000) . Sun and Chai (1998) examine the effects of FDI on economic growth in the eastern and western regions of China by using panel data across 16 provinces over 1986-1992. They found that the effect of FDI on economic growth was stronger in the eastern region and very weak in the western region, which reinforced inter-regional economic inequality. Bao et al., (2002) investigate the effect of geography on regional economic growth in China during 1978-97. They claim that the coastal regions had spatial and topographic advantages characterized by possessing more FDI and mobilization of rural surplus labor plus lower costs of transportation and communication, which produced the disparity from coastal to inland regions. Zhang and Zhang (2003) develop an empirical method for decomposing the contributions of two major driving forces of globalization, foreign trade and FDI on regional inequality and apply it to China in 1986-98.
Globalization is found to be an important factor contributing to the widening regional inequality. More recently, Fu (2004) investigates the spillover and migration effects of exports and FDI and estimates their impact on regional income inequalities in China and finds that exports and FDI played an important role in raising regional disparities. In contrast, some studies bring out opposite evaluations about FDI. Dollar and Kraay (2002) argue that the current wave of FDI from the 1980s promoted equality and reduced poverty. Zhang (2001) investigates the role of trade and FDI in a cross-country convergence analysis, indicating that export and FDI tend to accelerate the convergence process in the Asian newly industrialized economies and Japan.
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The controversial empirical studies on the linkage between FDI and regional inequality require further research. Yao and Wei (2007) claim that FDI has played a dual role on economic growth as a mover of production efficiency and a shifter of production frontier.
FDI is hence regarded as a powerful driver of economic growth for China to catch up with the most advanced countries in the world. Consequently, it is expected that the less developed regions of China such as the West and Central provinces might be able to catch up with their rich east counterparts with more FDI. This paper estimates quantitatively the linkage of FDI inflow and economic inequality in China's regions using more recent data, and examines whether and how FDI has contributed to the process of convergence or divergence of income across the Chinese regions.
In relation to the per capita income gap within China, a series of studies have contributed to the evolution of income distribution in China during the pre-and post-reform periods. One group of articles has decomposed the Gini coefficient of mainland China in order to explain the causes of income inequality, and has found that rural-urban inequality and spatial inequality are the causes of such inequality (Tsui, 1996; Yao, 1999; Yao and Zhang, 2001a; Gustafsson and Li, 2002) . Some articles employ the classical approach and the concepts of β-and σ-convergence to address the spatial pattern of China's economic growth and income inequality (Jian, Sachs and Warner, 1996; Gundlach, 1997; Raiser, 1998; Demurger, 2001; Zhang, 2001; Yao and Zhang, 2001b) . In this study, the σ-and β-convergence tests in absolute and conditional convergence with respect to per capita real GDP will be applied.
The next section presents the background information on Chinese regional inequality with FDI distribution. Section 3 presents the empirical models and data definition. Section 4 interprets the empirical results, and section 5 concludes with policy implications.
Regional inequalities in China after economic reform
Economic reforms over the past three decades have brought about exciting growth prospects throughout China, especially for some provinces in the coastal region. During 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Notes: FDI in Column (1) and GDP in column (3) are measured in current price. Column (2) and (4) are calculated by the authors.
Column (1) figures are converted to those in column (2) by using period average exchange rates. Column (4) equates Column (2) divides Column (3).
Sources: China Statistical Data for 50 Years 1949 -98 (NBS, 1999 and Statistical Yearbook of China (NBS, 1998 (NBS, -2006 100% 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 In fact, preferential policies have been only one of the advantages that the East region offered to foreign investors. It also has better economic endowments which give it comparative advantages over the Central and West regions: geographic proximity to international markets, better transport infrastructures, and more skilled labor. Furthermore, many coastal provinces have advanced rapidly in economic liberalization, have developed a dynamic non-state sector, and have thus provided a more favorable environment to foreign investors. Finally, as they have recorded higher economic growth, they also have provided foreign business with larger and rapidly expanding markets.
Empirical models and data
Will the West/Central regions of China remain poor for the next century? Will the East still be the rich region in the following decades? Is the degree of economic disparity between China's regions increasing or falling over time? The concepts of σ-convergence, absolute and conditional β-convergence are discussed in this section to answer these important questions.
σ-convergence
The concept of σ-convergence can be defined as "a group of economies are converging in the sense of σ if the dispersion of their real per capita GDP levels tends to decrease over time" (Sala-i-Martin, 1996 . It is used to reflect the static disparities in per capita income. It can be regarded as evidence of σ-convergence between China's regions if regional income disparity declines over time. Commonly, it is measured by the coefficient of variation (CV) which is the ratio of standard deviation to the mean 2 . y n y y
where y i is real GDP per capita in region i and y is the mean value.
Given a contraction in CV, we can say that the economies in consideration have experienced σ-convergence with reduced difference in their income levels. A higher value of CV indicates a more serious income disparity, and vice versa. The CV not only quantifies the income inequality problem but also measures the development of income gap between different economies. It has been widely used in the literature, such as Lyons (1991), Tsui (1996) , Chen and Fleisher (1996) , Raiser (1998) , Zheng, Xu and Tang (2000) , Xu and Zou (2000) , Wu (2002) and Chang (2002) . The CV index in these studies is calculated by the net material product, national income or per capita GDP in nominal or real value to assess the evolution of regional income inequality in the pre-and post-reform periods. (Zheng, Xu and Tang, 2000; Chang, 2002) . However, the reduction in the CV in the third phase may be too little to be statistically significant and whether the income inequality among the Chinese regions really declined has to be tested using a more robust parametric approach as will be discussed later in this paper.
At the regional level, three macro-geographical regions (East, Central and West) are found to have different CVs in terms of their values and trends. The East had the highest value of CV and the Central the lowest, meaning that income gaps were highest within the East and lowest within the Central. The trends of CVs have a clear and declining tendency in all regions, especially in the East. Oscillation in regional CVs implies that intra-regional inequality declined, especially among the Eastern provinces. The sluggishness of the national CV and the reduced regional CVs indicate that inter-regional inequality must have risen. This is consistent with the conclusion drawn by Yao and Zhang (2001b) 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 Nation East
Central West
Note: CV is calculated according to equation 1.
Source: 1.Comprehensive Statistical Data and Materials on 50 years of New China, NBS, 1999
2. China Statistical Yearbook, NBS, 1985 NBS, -2004 standard deviation of log (GDP per capita).
β-convergence
According to Sala-i-Martin (1996b , the definition of absolute β-convergence can be described as "we say that there is absolute β-convergence if poor economies tend to grow faster than rich ones". In other words, this is to test if an initially lower income group has higher speed of income growth, and convergence is a process in which the poorer economies catch up with the richer ones. This argument is based on the neoclassical model, which predicts that initially poor countries will grow faster than initially rich ones if the only difference across countries lies in their initial levels of capital (Solow, 1956; Sala-iMartin, 1996) . However, in the real world, economies may differ in other respects such as technological progress, population growth, investment, infrastructure and political stability.
If these differences are considered, the neoclassical models will predict that the growth of an economy will be positively related to the distance that separates it from its own steady state. This is the concept known in the classical literature as conditional β-convergence (Sala-i- Martin, 1990 Martin, , 1996 Yao and Zhang, 2001b) .
In absolute convergence, initial income level is the only factor of concern and the catchingup process will take place if the initially poorer economies have higher growth than the initially richer ones. To examine absolute β-convergence, the simple regression that was suggested in Baumol (1986) and applied in Chen and Fleisher (1996) , Jian, Sachs and Warner (1996) , Gundlach (1997) , Raiser (1998 ), Zhang (2001 and Yao and Zhang (2001b) will be adopted in this research, to regress the growth rate of real GDP (RGDP) per capita against the beginning period's level of RGDP per capita. The regression function is specified as:
Where y it , y i0 denote respectively per capita RGDP of the ending and beginning periods respectively in the ith economy, t is the time span. A statistically significant and negative β suggests absolute income convergence. It implies that an initially poorer economy, such as the remote provinces in western China, can take advantages of its backwardness to achieve a higher growth rate so as to catch up with the initially richer provinces such as the east region. On the contrary, if β≥ 0, the data exhibits no absolute β-convergence. It may even show an absolute β-divergence since an economy with higher initial income tends to grow faster; then the initially richer economies will become even richer, while the initially poorer economies will become even poorer in the group. The value of λ is the pace of income convergence (or divergence).
As for conditional convergence, income convergence and the catching-up process can only be initiated given the presence of additional control factors, such as investment ratio, population growth, openness, FDI ratio, human capital and infrastructure, etc. If absolute β-convergence is observed, then conditional β-convergence is also implied. In conditional β-convergence, the above-mentioned growth related factors determine the steady state income level of an economy and if an economy is far from its steady state income level, and it will tend to have a higher speed of economic growth until it arrives at its steady state.
However, in the process of conditional β-convergence, the initially poorer economies will have a tendency to move just towards its own steady state income level.
Taking into account the investment ratio and the effective population growth rate, the estimation equation of conditional convergence can be written as: 
which was derived from: 
where y t denotes real income per capita and y 0 the value in the initial period, n population growth, g a rate of technological progress, δ rate of capital depreciation. α is the capital share in income and β is the labour share. s is the investment in physical capital as a share in GDP, λ is the rate of convergence. According to Mankiw, Romer and Weil (1992) This model argues that the income per capita in an economy will converge to the economy's own steady-state level, which is determined by its own endowments, such as capital accumulation, population growth and depreciation, etc. The income levels between different economies, however, may not necessarily approach to a similar level over time.
Specifications similar to the above-mentioned model could also be found in Gundlach (1997), Raiser (1998) 4 , Zhang (2001) and Yao and Zhang (2001a, 2001b) . In assessing the growth pattern of China, Yao and Zhang (2001b) has incorporated some additional factors, such as the international trade to GDP ratio, transportation measured by the equivalent length of highways and regional dummies in their estimation.
Since FDI is considered to be one of the engines to economic growth in China (Yao and Wei, 2007) , this research will apply similar specification by adding FDI to examine conditional β-convergence at national and regional levels. Regressions will be run on both cross-sectional and pooled basis to estimate the pace of unconditional or conditional β-convergence, which is the speed at which different economies return to their respective steady state output levels. The estimations also aim at addressing the growth discipline of these economies, as well as the contributions of different factors, such as investment ratio, population growth, openness ratio, FDI ratio, human capital and transportation 5 , to the growth pace and speed of income convergence. The functional form of the estimation equation is specified as: Mankiw, Romer and Weil (1992), p.423. 4 In Raiser (1998) , the ratio of non-state enterprises output to industrial production and light industry output to industrial production have been inserted into the estimation of conditional convergence to show how the Open Door Policy, the market liberalization and the structural change have contributed to the growth and income convergence of Mainland China. 5 Yao and Wei (2007) find that the factors of FDI ratio, export ratio, human capital and transportation have been proved to present significant impact on the GDP growth in China at both national and regional levels.
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This specification is derived from the Solow growth model with a Cobb-Douglas production function as the basis. Where y it , y i0 denote respectively per capita RGDP of the ending and beginning periods respectively in the ith economy, the investment ratio s is calculated as the share of investment as a proportion of GDP. The population growth n is calculated as the annual growth rate of the year-end population. We set (g+δ) equal to 0.05 and assume this value to be the same for all provinces and all years.
6 FDI is defined as the ratio of actually used FDI to total investment to avoid multi-collinearity and double accounting. Export is also defined as the ratio of total value of exports to GDP instead of the absolute value of export to avoid the problem of multi-collinearity. HEP, or human capital, can be defined in different ways, the ratio of the number of students enrolled in higher education over population, the ratio of the number of students enrolled in secondary education over population, the ratio of the number of students enrolled in higher education to the number of students enrolled in secondary education, or investments in education, science, health care and cultural activities. This paper chooses the ratio of the number of students enrolled to higher education over population. Data for GDP is gross domestic product. All the variables are calculated in 1990 constant prices.
The values of exports and FDI are provided in US dollars in the official statistics. Since they are measured in US dollars, most economic analysts do not bother to deflate the values in current prices into values in constant prices (e.g. Liu, et al., 1997; Liu, 2000) . It is important to conduct an appropriate deflation. One relevant deflator is the US consumer Tran, or transportation, is measured as the equivalent mileages of railways, highways and waterways per 1,000 squared kilometres. Highway is the dominant means of transportation in terms of mileages. The ratios of the lengths of railways, highways and waterways are 1.00/16.84/1.90 at the national level. The simplest way to measure transportation is to add the total lengths of these three different means of transportation (e.g. Liu, et. al., 1997; Fleisher and Chen, 1997) . However, the tansportation capacity of one mile of railway is 6 Yao and Zhang, 2001b, p174. 14 different from that of one mile of highway or waterway. As a result, it is necessary to convert railways and waterways into equivalent highways. The conversion ratios are derived from the volumes of transport per mile by each of the three means of transportation.
At national average, the conversion ratios are 4.27/1.00/1.06. In other words, railways are multiplied by 4.27 and waterways by 1.06 to derive their equivalent lengths of highways.
This method of conversion may not be perfect as the relative capacity of different transportation means may not be the same in different provinces. However, any possible conversion errors may be small because highways account for a predominant proportion of the total transportation volume (Yao and Wei, 2007) . The above-mentioned β-convergence test will be employed to examine whether and at what speed the per capita income level of China and its regions are converging after controlling their growth potential, or if the initially poorer inland China is able to grow at a higher speed than the initially richer coastal east. To address the issue of absolute β-convergence among regions, a simple estimation will be employed on the growth rate of per capita RGDP at the beginning year's per capita RGDP. The intention is to assess if the growth rate of these economies is negatively related to its initial income level. Given a negative and statistically significant estimated coefficient for the initial income level, it is possible to conclude that the initially poorer economy is able to have a higher growth rate which enables it to catch up with the initially richer economy, and β-convergence is taking place in an absolute manner.
Both cross-section and panel data approaches are employed in this section for comparison.
In the panel regression, the sampling period can be divided into six time spans: 1979-83, 1983-87, 1987-91, 1991-95, 1995-99, 1999-2003 . When t =1983, for example, t-1 =1978, all the related variables to each province are the averages over 1978-83. Data for the other periods are derived in the same way.
4.
Estimation results
In the estimations, the Chinese provinces are divided into three regions：East (Coastal),
Central and West (see footnote 1). Income convergence will be analysed for each region and for the whole country. In addition, a pair-wise analysis is also conducted to examine the convergence or divergence for the following pairs of regions: East-Central, East-West and Central-West.
Estimation results of β-convergence at national level
Absolute income convergence
Based on equation (2), only ln(y 0 ) is included on the right-hand side to test for absolute convergence. As reported in the upper panel of column 2 in Table 2 , there is no evidence of absolute β-convergence. The estimated coefficient of initial income during 1979-2003 is statistically insignificant, implying that the initially poorer Chinese provinces do not have higher growth than the initially richer ones and thus fail to catch up. The initially poorer provinces could be benefited by the reforms to grow faster than before. However, the coastal provinces might be able to continuously derive disproportionately greater benefits from the reforms after 1992 as the central government encouraged them to speed up the pace of reform and development with more open policies in terms of FDI and exports. Their speed of growth might then out-perform the others. Hence, the process of absolute convergence has not been found in the entire post-reform period. This finding is rather similar to those offered by Chen and Fleisher (1996) and Jian, Sachs and Warner (1996) in which the former did not show any absolute β-convergence in both the pre-and postreform periods, while the latter suggested a mixed result with no clear absolute β-convergence. NBS, 1985 NBS, -2004 An East dummy is introduced in the analysis to capture the impact of the preferential policies favoring the east region. As shown in the second panel of column 2 in Table 2, income convergence is observed and the adjusted R 2 increases significantly compared with that in the upper panel. It shows that economic reform and the resulting higher growth have brought about conditional β-convergence, particularly to the eastern region. The speed of convergence is 1.67% in the cross-section regression. This may imply that some of the initially poorer economies in the East, such as Guangdong and Fujian, have experienced a rapid growth after economic reform which enabled them to catch up with the other initially richer economies in the country. Furthermore, the east dummy is strongly significant. It shows that the east region has its own income growth pattern which is different from the other regions of the country. This specific growth discipline could very much be explained by the open door policies and the preferential treatment which were firstly introduced in the coastal region with an intention to promote trade and to attract foreign investment.
Apart from the cross-sectional analysis, the panel data approach has also been advocated to address the issue of absolute β-convergence. Such pooled analysis may help to resolve the possible significance problem which is caused by the shortening of observations. As indicated in the first half of column 3 in Table 2 , like its cross-section counterpart, no evidence of absolute β-convergence can be found. The estimated coefficient on the initial income level is even positive although it is insignificant. The adjusted R 2 is very small. It means that Chinese provinces were not able to move their income levels towards the national mean, and the initially poorer regions failed to have a higher growth rate after economic reform. In other words, the West or/and Central regions failed to catch up with the East. Dissimilar to the cross section regression, the introduction of an east dummy could neither revise nor improve the estimation results as the estimated coefficient of the initial income level is still insignificant. However, the east dummy is statistically significant and raises the adjusted R 2 although it is still small. This finding indicates that the initial income level and east dummy are far away from explaining the dependent variable. Yao and Zhang (2001b) , however, shows a clear evidence of divergence because the value of λ is negative and significant. This evidence contrasts sharply with that presented by Gundlach (1997) and Raiser (1998) .
According to the neo-classical model, the initially poor countries will grow faster than the initial rich ones if the only difference across countries lies in their initial level of capital (Solow, 1956; Swan, 1956) . However, in the literature, many studies find no evidence of absolute convergence for countries with different institutions, preferences and production technologies. Sala-I-Martin (1996) shows significant divergence rather than convergence by estimating the data for 110 countries during 1960-90 and the speed of divergence was 0.4% per annum. This finding implies that economies may differ in other respects in the real world, such as population growth, saving behavior, technology and political stability. If these differences are considered, the neoclassical model will predict that the growth of an economy will be positively related to the distance that separates it from its own steady state. This is the concept of conditional convergence and focus of analysis in the next section. -0.004 2.00 0.4 OECD countries 0.014 4.33 0.48 UAS 48 states (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) 0.021 7.00 0.89 Germany 11 regions 0.014 2.33 0.56 UK 11 regions 0.020 2.50 0.62 
Conditional income convergence
If the initially poorer economies cannot grow faster than the initially richer ones, then they should have failed to catch up and reduce their income gap with the initially richer economies. Nevertheless, they may still be able to move their income levels to their respective steady states, which are determined by some growth related factors. Based on this belief, the conditional income convergence test will be performed to estimate if the catching-up and convergence process will take place after imposing controls on the growth potential of these economies, despite no tendency of absolute income convergence.
In equation (3), only two basic factors, investment ratio and effective population growth rate, plus the initial income are added to the right hand side of regression. As indicated in Table 4 , in the cross-section estimations, these two factors appeared to be statistically insignificant with wrong signs and they are able to neither improve nor revise the results of its absolute manner in Table 2 . There is no evidence of conditional convergence and the estimated coefficient of the initial income level is insignificantly positive. Furthermore, the adjusted R 2 is still small, implying poor goodness-of-fit in the regression. In other words, there is no evidence of conditional income convergence between the Chinese provinces and the pace of income growth for the period 1979-2003 might be independent of investment ratio and effective population growth. This result matches some of the findings in Gundlach (1997) , Yao and Zhang (2001a) and Jones, Li and Owen (2003) . When the east dummy is adopted in the estimations, the explanatory power of these two additional variables is still poor. But the east dummy is statistically significant and has contributed to bring about negative significance at 5% level on the initial income. In addition, the adjusted R 2 increases to 0.433, and the speed of convergence rises to 1.36%. This result reveals that the process of conditional convergence is almost independent of the investment ratio and effective population growth.
The results of panel data regressions are presented in the last column of Table 4 . In general, the significance of estimation results on convergence has obviously improved compared with either its absolute manner or cross-sectional counterpart. The two explanatory variables now have right signs and the investment ratio is significant at 5% level. Besides, they have contributed to change the estimated coefficient of the initial income to be negative although it is insignificant. After the east dummy addressing, the estimation results are striking. There is strong evidence of conditional income convergence in 1979-2003 and all the explanatory variables become strongly significant in proper signs. The estimated values of adjusted R 2 and speed of convergence have also improved. This confirms that the region-specific effects must be correlated with the included variables. As explained above, investment ratio and effective population growth rate are just two of the factors that may affect growth. A high investment ratio and a low effective population growth rate may be necessary but not sufficient for achieving higher growth. Therefore, they are not satisfactory explanatory variables and have failed to explain the growth discipline of the Chinese provinces. This suggests that some important explanatory variables other than the investment ratio and population growth are missing from the regressions. NBS, 1985 NBS, -2004 The other estimation on the issue of conditional convergence is based on equation (6), including FDI ratio, export ratio, human capital and transportation apart from the two additional variables measured above. As shown in Table 5 , conditional convergence is found in both cross-section and panel data approaches. The estimation in the panel data analysis presents much more significance. All the variables except for human capital and transportation are statistically significant in their expected signs. However, in the cross section analysis, only export ratio is observed significant for the conditional convergence.
However, the speed of convergence as well as the adjusted R 2 has experienced remarkable improvements. The speed of convergence is as high as 6.06% per year and R 2 increases to 0.518 from a negligible value in the previous estimations, implying a strong goodness-of-fit in this regression. Besides, investment ratio and effective population growth rate have the correct signs. In addition, FDI ratio becomes significant when export ratio is ignored from the regression although there is no evidence of conditional convergence. This implies that the explanatory power of FDI and export will be diluted somewhat when they are employed together. The estimation results have not improved nor revised when the east dummy is inserted. However, not only the estimation value but the significance level of initial income increases. Furthermore, the speed of convergence improves 0.5% a year, although the significance of export and FDI ratios are slightly reduced. It indicates that these three variables may have been diluted by other factors because of multi-collinearity which is not easy to control in the regression model. In the panel data regression, all the variables expect for human capital and transportation are significant. Like its cross-section counterpart, the speed of convergence and the adjusted R 2 both improve compared with Table 4 . East dummy has the same effects on the results of both methods i.e., panel data and cross-section.
To find out if the insignificant variables human capital and transportation have contributed to accelerate China's provinces to approach their own steady-state income levels, we run an auxiliary regression excluding some other factors. When we just employ human capital and the east dummy plus initial income in the regression, strong evidence of conditional convergence is detected at the 1% level and human capital shows positive significance at the 5% level. When only transportation is added with investment ratio and population growth on the right-hand side, the results show conditional convergence with strong significance and correct signs of all the three explanatory variables. These re-estimations imply that human capital and transportation have an impact on regional convergence, but their influences are not as important as other factors. Their explanatory power might be partly diluted when they go with the other more important factors such as FDI and export.
This result reflects that the difference in investment, population growth rate, exports and FDI development could be the main causes of heterogeneous economic performance of the country. Only after controlling these factors, different regions are able to push their income levels towards their own steady states. East dummy is that takes the value of 1 for an eastern region and 0 otherwise. China, NBS, 1999 2. China Statistical Yearbook, NBS, 1985 -2004 
Source: 1.Comprehensive Statistical Data and Materials on 50 years of New
Estimation results of β-convergence at regional level
As discussed before, China can be divided into three macro-regions: East (coast), Central and West due to different conditions, such as geography, history, endowments and economic development. To get an in-depth study on the issue of income disparity in China, it is necessary to estimate the process of convergence within each region apart from the estimation at the national level. Besides, it is well known that among the three regions, the East region is the richest and the West is the poorest. In other words, per capita income descends from the East to the Central, and then to the West, forming a clear three-tiered geographical pattern. Yao and Zhang (2001a) claim that the regional divergence is due to the spillover from the growth centers, which are highly concentrated in the East, and declines as provinces are further away from the centers. They found that the distance from the growth centre has a significant and negative effect on regional economic growth. Based Since the panel data analysis has generated better results than the cross-section regression in the previous section, the following analysis will only use the panel data approach.
Absolute income convergence Table 6 shows the estimation results of absolute convergence for the three regional groups. This finding is consistent with the results presented in the previous section using national level data. China Statistical Yearbook, NBS, 1985 -2004 
Conditional income convergence
Like the conditional convergence analyses for the whole country, two steps of regressions are also conducted here to see the different effects of explanatory variables on the convergence process. In the first model by only adding investment ratio and effective population growth rate, as reported in columns 2-4 of Table 7 , the findings are striking.
Unlike the results for the whole country in Table 4 , these two factors appeared to be statistically significant with correct signs in all the three regions and have contributed to conditional income convergence in each region. Compared with Table 6 , the adjusted R 2 values increase remarkably. These results imply that given a similar background in the region, more investment induces higher growth while a higher population growth prohibits growth. The speed of convergence shows remarkable improvement, rising to 0.32%, 0.33% and 0.24% in the East, Central and West respectively. The East and Central have similar values and the West has the smallest rate of convergence. It indicates that the provinces in the West will take a longer time to reach their own steady state.
The results of regional group analysis are exhibited in columns 5-7 in Table 7 . The effective population growth rate is statistically significant for all groups and the investment ratio is significant for the east-central and central-west groups. Correspondingly, conditional convergence is detected within these two groups. It implies that there is a trend for the West to catch up with the Central and the Central to the East, but not the West to the East. This finding is similar to the regional analysis. Investment can enhance the speed of achieving their own steady states for the western provinces. However, it might not be important enough for them to catch up with those in the east. Furthermore, like the left 25 panel, the implied λ and the adjusted R 2 have higher values. In short, the Chinese regions which have received relatively more investment with lower effective population growth rate have achieved higher income growth and will be able to shorten the time to catch up with their richer counterparts. In the east-west group, these two factors did not seem to help the west catch up with the east. It might be probably explained by some other factors such as skill, knowledge, production experience, etc. that can affect economic performance.
Without any improvement in these areas, the poorer provinces could still fail to exercise their full potential to grow at a higher speed. Yearbook, NBS, 1985 -2004 Given another four variables in the second regression, the estimated results greatly improve (Table 8) . Conditional convergence is observed in all the regions and groups, including the East-West group which is not found to have conditional convergence in Table 7 . Besides, similar to those of national data, the additional four variables have brought about higher value of speed of convergence and the adjusted R 2 . Noticeably, the central region is found to be the biggest beneficiary with biggest improvement on the speed of convergence and R 2 .
This can explain why the central region is found to have the most equal income levels among its provinces from the estimation of σ-convergence. Furthermore, investment ratio and population growth rate are statistically significant in correct signs for all regions and groups. FDI ratio is only insignificant in the West region while export ratio is just significant to the West region, the East-Central group and East-West group. It indicates that FDI is a key determinant of regional growth differences and its effect is particularly strong among the provinces in the Central region. This effect is insignificant among the West provinces, implying that there is little difference of growth that can be explained by FDI in western China. As mentioned earlier in the above section using national level data, the explanatory power of export ratio is diluted somewhat by FDI when they are estimated together, however, it is still found to have impact on growth, even stronger in the West region. As for human capital and transportation, like the results using national data, are not significant in any region or group. However, compared with the regression without these two variables, they have contributed to improve the explanatory power of export in the 
Conclusion
Compared with previous studies, this article makes some new contribution to the understanding of the impact of FDI on regional growth and inequality in China after economic reform. It uses a more recent dataset for all the Chinese regions during 1979-2003. It employs both cross-section and panel data approaches to study the same question.
It examines regional inequality from three different perspectives: inter-province, intraregion and inter-group (each pair of two regions). It employs more determinants of income growth such as FDI and transportation into the β-convergence estimation, with special attention on FDI and its role in the economic convergence process across the country and within each geo-economic region as well as regional groups. The purpose of examining the same issue of FDI on spatial growth differences and income inequality with various model specifications and estimations is to provide a comprehensive anatomy on whether FDI has caused regional income inequality, which is a controversial issue in the literature with significant policy implications on economic growth and development of China and any other similar less developed economy in the world.
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Apart from β-convergence, σ-convergence with the coefficient of variation (CV) is used to assess whether there is σ-convergence between China's regions. The results show that the country has experienced three phases of the process of income inequality over 1979-2003, declining in the first decade, expanding in the second and then started to decline again from the third decade. However, this slight decline in CV may not be statistically significant as CV is a non-parametric approach which is not subject to statistical testing. Furthermore, a declining CV does not necessarily imply economic convergence if a reduced CV is not caused by the poorest regions catching up with the richest regions, but by the catching up of the medium income regions with high income regions, or by the convergence among the medium income regions. As a result, CV is not an ideal measurement for income convergence for all regions within a country although it can be used to indicate the trend of overall inequality. The last disadvantage of CV is that it cannot show why regions are converging or diverging in per capita incomes.
In contrast, β-convergence is a more useful tool to measure income convergence as it can testify whether poor regions are catching up with rich ones. It can also explain why regions are converging or diverging in per capita incomes. In this paper, the β-convergence test indicates no evidence of absolute convergence in different estimations with both the crosssectional and pooled analyses. This implies that the initially poorer regions have failed to grow faster than the initially richer ones due to their diversified economic backgrounds and the biased policies faced by these economies. It implies that neither the poor provinces nor poor regions have managed to grow faster than their rich counterparts. As a result, it can be concluded that regional inequality rises rather than declines during the data period.
But what have explained the rising inequality? This question can be answered through the analysis on conditional convergence. The analysis in this paper provides some striking findings on income inequality. First of all, apart from investment ratio and effective population growth rate, FDI and export are found to have significant and positive effects on regional growth differences. In addition, the effect of FDI on economic growth is weak among the western provinces. These two findings could easily lead to a conclusion that FDI is an important cause of regional inequality, especially if one considers that the skewed distribution of FDI among the three large geo-economic regions in China is coincided with a similar spatial pattern of real per capita GDP. If such a conclusion were the correct interpretation of the results and logical as many previous studies have argued and suggested, 29 then reducing FDI inflows into China would be able to restrain the rising trend of regional income inequality. Such a policy implication would also make it difficult to reconcile the positive effect of FDI on economic growth and its 'negative' effect on income distribution.
As such a conclusion and its potential policy implications are obviously controversial, it needs a better understanding and a more accurate interpretation on the econometric results which show a positive and significant relationship between FDI and economic growth in all kinds of model specifications presented in this paper.
If we summarize the results presented in this paper, we have the following findings: (1) regional income inequality rises in the data period; (2) regions can converge to their own steady states only after controlling for the differences in saving rate, population growth, human capital endowment, transportation, and above all FDI and exports; (3) the same factors that have a significant effect with national level data have similar effect with regional (or groups of regions) level data; (4) FDI is singled out to have played a consistent and positive effect on growth differences in all specifications except for the West region and the combined West/Central regions; and (5) FDI is highly unevenly distributed among the regions, with a very small share in the West region. All these findings should point to the following conclusion which is very different from that drawn by many other authors:
FDI is an important factor of economic growth but it is unevenly distributed across regions, as a result, it is the uneven distribution of FDI, rather than FDI itself, that has been a cause of regional income inequality. This conclusion should be followed with the following policy implication: to reduce regional inequality, FDI should be encouraged, rather than discouraged, but FDI has to be directed towards to the West and Central regions through preferential policies and government intervention to create a better environment for absorbing FDI in these relatively backward areas.
